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(54) METHOD FOR MANUFACTURING THIN-FILM MAGNETIC HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a thin-film magnetic head, by which the 
dimensional control of the magnetic pole core width to the 
submicron order is possible. 

SOLUTION: The method of manufacturing the thin film 
magnetic head including an MR head formed on a substrate 
and an inductive thin-film head formed on the MR head 
stacks a lower magnetic pole layer to be used as the upper 
shield of the MR head on the MR head, stacks a first high- 
saturation magnetic flux density material layer on the lower 
magnetic pole layer, stacks a recording gap layer on the first 
high-saturation magnetic flux density material layer, stacks a 
second high-saturation magnetic flux density material layer 
on the recording gap layer, anrl forms an upper magnetic 
pole whose magnetic pole end part has a prescribed width on the second high-saturation 
magnetic flux density material layer. Then, by using the upper magnetic pole as a mask, while 
keeping the temperature of the substrate to be at 130°C to 200°C, reactive ion etching is 
performed with a mixed gas of chlorinated gas and an inert gas as etching gas for partially 
trimming the first and second high-saturation magnetic flux density material layers, the recording 
gap layer and the lower magnetic pole layer, to form a magnetic pole core which has a prescribed 
width. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the manufacture approach of the thin film magnetic head containing the magnetic-reluctance 
(MR) head formed on the substrate, and the inductive thin film head formed on this MR head. The lower 
magnetic pole layer which makes up shielding of said MR head serve a double purpose is deposited on this 
MR head. Deposit the 1st quantity saturation-magnetic-flux-density ingredient layer on said lower magnetic 
pole layer, and a record gap layer is deposited on said 1st quantity saturation-magnetic-flux-density 
ingredient layer. Deposit the 2nd quantity saturation-magnetic-flux-density ingredient layer on said record 
gap layer, and the pole tip section forms the up magnetic pole of predetermined width of face on said 2nd 
quantity saturation-magnetic-flux-density ingredient layer. The mixed gas of chlorine-based gas and inert 
gas is made into etching gas, using said up magnetic pole as a mask, holding said substrate temperature at 
1 30 degrees C - 200 degrees C. By reactive ion etching The manufacture approach of the thin film magnetic 
head characterized by including each step which trims a part of said 1st and 2nd quantity saturation- 
magnetic-flux-density ingredient layer, said record gap layer, and said lower magnetic pole layer, and forms 
the magnetic pole core which has said predetermined width of face. 

[Claim 2] It is the manufacture approach of the thin film magnetic head containing the magnetic-reluctance 
(MR) head formed on the substrate, and the inductive thin film head formed on this MR head. The lower 
magnetic pole layer which makes up shielding of said MR head serve a double purpose is deposited on this 
MR head. Deposit the 1st quantity saturation-magnetic-flux-density ingredient layer on said lower magnetic 
pole layer, and a record gap layer is deposited on said 1st quantity saturation-magnetic-flux-density 
ingredient layer. The pole tip section forms the 2nd quantity saturation-magnetic-flux-density ingredient 
layer of predetermined width of face on said record gap layer. The pole tip section forms the up magnetic 
pole of said predetermined width of face on said 2nd quantity saturation-magnetic-flux-density ingredient 
layer. The mixed gas of chlorine-based gas and inert gas is made into etching gas, using said up magnetic 
pole as a mask, holding said substrate temperature at 130 degrees C - 200 degrees C. By reactive ion etching 
The manufacture approach of the thin film magnetic head characterized by including each step which trims 
a oart of said record gap layer, said 1st quantity saturation-magnetic-flux-density ingredient layer, and said 
lower magnetic pole layer, and forms the magnetic pole core which has said predetermined width of face. 
[Claim 3] Said 1st and 2nd quantity saturation-magnetic-flux-density ingredient layer is the manufacture 
approach of the thin film magnetic head according to claim 1 or 2 formed from the ingredient chosen from 
the group which consists of FeN, FeAlO, CoNiFe, and CoFe. 

[Claim 4] Said chlorine-based gas is the manufacture approach of the thin film magnetic head according to 
claim 1 or 2 chosen from the group which consists of C12, BC13, SiC14, HC1, CC14, and HBr. 
[Claim 5] The manufacture approach of the thin film magnetic head according to claim 1 which contains 
further the step which forms the oxide layer of the predetermined thickness of the ingredient chosen from 
the group which consists of Si, aluminum, Ti, and Ta on said 2nd quantity saturation-magnetic-flux-density 
ingredient layer corresponding to an etching unnecessary field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the thin film magnetic head of 

having a magnetic-reluctance (MR) head and an inductive thin film head. 

[0002] 

[Description of the Prior Art] In recent years, as for the hard disk drive unit, improvement in the record 
engine performance of the thin film magnetic head is called for with improvement in surface recording 
density. The compound-die thin film magnetic head of the structure which carried out the laminating of the 
recording head (inductive head) which has an induction type MAG sensing element for writing, and the 
reproducing head (MR head) which has a magnetic resistance element for read-out (MR component) as the 
thin film magnetic head is used widely. 

[0003] In order to attain high recording density using the compound-die thin film magnetic head, it is 
necessary to increase the amount of data (surface density) recorded on per unit area of a magnetic disk, and 
this surface density is greatly influenced by the record capacity of a write-in component. 
[0004] Although the improvement in surface density is realizable by making it small, the gap length, i.e., 
vertical magnetic pole spacing, of a recording head, since gap lengths contraction-ization causes the fall of 
magnetic-flux reinforcement, there is a limitation naturally. 

[0005] Moreover, it is increasing the number of data tracks recordable on a magnetic disk as another 
approach of raising recording density. Usually, the number of data tracks recordable on this magnetic disk is 
expressed as a TPI (truck par inch). 

[0006] The TPI capacity in a write-in head can be heightened by making small magnetic pole core width of 
face of the recording head which determines the width of face of data tracks. It is becoming impossible 
recently, to disregard the record blot by the magnetic flux which this magnetic pole core width of face has 
come to be minimum-ized like submicron order, and is generated between vertical magnetic poles leaking 
crosswise [ of an up magnetic pole / core ]. 

rnnnm t^v 1 1_ xt_ ATiO / 1 :„ _ £ 4. V \ 1 . - * ~ X* 1 ~ J J - ~ — 
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film magnetic head 2. On the conductive substrate 4 which consists of alumina-titanium carbide 
(aluminum203-TiC), the under coat layer 6 which consists of an alumina (aluminum 203) is formed. 
[0008] MR head (reproducing head) 8 is formed on the substrate 4. MR head 8 The lower shielding layer 10 
which consists of the soft magnetic materials formed on the under coat layer 6 of a substrate 4, The 
conductive electrode layer 16 connected to the both sides of the lower half gap layer 12 which consists of 
the non-magnetic material of aluminum203 grade, the magnetic resistance element (MR component) 14 
from which an electric resistance value changes according to external magnetic field reinforcement, and the 
MR component 14, the up half gap layer 18 which consists of a non-magnetic material, It is constituted by 
carrying out sequential formation of the up shielding layer 22 which consists of a soft magnetic material by 
sputtering etc. 

[0009] On MR head 8, the laminating of the recording head (inductive thin film head) 20 is carried out. A 
recording head 20 carries out sequential formation of the lower magnetic pole layer 22 which consists of the 
soft magnetic materials which make the up shielding layer of MR head 8 serve a double purpose, the lower 
quantity saturation-magnetic-flux-density ingredient layer 24, the record gap layer 26, the up quantity 
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saturation-magnetic- flux-density ingredient layer 28, and the up magnetic pole 30 that consists of soft 
magnetic materials, and is constituted. Although not illustrated between the lower magnetic pole layer 22 
and the up magnetic pole 30, the thin film coil is embedded. 

[0010] By the manufacture approach of the conventional compound-die thin film magnetic head, an up 
magnetic pole is used as a mask and the magnetic pole core width of face of a request of a recording head 20 
is formed with the trimming by ion beam milling, or the trimming by FIB (FOKASUTO ion beam) 
processing. 

[001 1] With reference to drawing 2 (A) - drawing 2 (C), the manufacture approach of the conventional 
recording head indicated by JP, 7-2625 1 9, A is explained. 

[0012] As shown in drawing 2 (A), lower magnetic pole layer 22\ lower quantity saturation-magnetic-flux- 
density ingredient layer 24', record gap layer 26\ and up quantity saturation-magnetic-flux-density 
ingredient layer 28 ! are formed by sputtering etc. one by one. And a photolithography technique is used and 
up magnetic pole layer 30 f is formed in up quantity saturation-magnetic-flux-density ingredient layer 28'up. 
[001 3] drawing 2 - (- B --) - being shown ~ as ~ the upper part - a magnetic pole ~ a layer - 30 - ' - a 
mask - ** -- carrying out ~ a perpendicular - from - about - 30 « degree - an include angle - the upper 
part - quantity - saturation magnetic flux density - an ingredient - a layer - 28 -- ' - record - a gap - a 
layer - 26 - ' ~ the lower part - quantity - saturation magnetic flux density ~ an ingredient - a layer - 24 
- ' - and - the lower part - a magnetic pole - a layer - 22 - 1 - a part - Ar - ion - depending - an ion 
beam - milling - carrying out - the lower part - a magnetic pole - 22 - the upper part ~ a side face - the 
upper part - a magnetic pole - 30 - both sides -- a field - aligning - as - trimming - desired magnetic 
pole core width of face — forming — . 

[0014] If ion beam milling is continued, since the reattachment 32 of a milling product will arise on side 
faces, such as up magnetic pole layer 30', the include angle of an ion beam is changed into about 70 degrees 
from a perpendicular, and he performs milling, and is trying to remove the reattachment object 32, as shown 
in drawing 2 (C). 
[0015] 

[Problem(s) to be Solved by the Invention] It is accelerated by electric field and the manufacture approach 
by ion beam milling irradiates Ar ion which it converged on a substrate front face, and since [ which 
removes the part which is not covered with the sputtering operation with a mask ] it is a physical approach 
purely, if it is the matter with a certain amount of spatter yield, it can etch almost all matter. 
[0016] However, since the etching configuration by this approach becomes a form reflecting the incident 
angle of an ion beam, a high anisotropy is not shown theoretically. Therefore, in order to perform trimming 
for an up magnetic pole at right angles to a mask, the different direction-configuration has been acquired by 
performing milling, leaning a substrate normal to an ion beam. 

[001 7] By the trimming approach by ion beam milling, since up magnetic pole layer 30' achieves the 
function as a mask, the irradiation time of an ion beam will take for increasing, and the thickness of up 
magnetic pole layer 30' will decrease sharply. 

[GO 18] Thai is, in uidci iu acquire a desired magnetic poie configuration, reduction of the thickness of up 
magnetic pole layer 30' by ion beam milling must be expected, and up magnetic pole layer 30' must be 
formed. 

[0019] Therefore, in order to write in and to fully secure capacity, it is necessary to expect the thickness 
decrement of the trimming by ion beam milling, and to form greatly the thickness of up magnetic pole layer 
30 ! beforehand by the conventional manufacture approach. 

[0020] This needs to form sharply the resist height at the time of plating up magnetic pole layer 30 f using a 
photolithography technique highly, and causes the fall of the dimensional accuracy of the magnetic pole 
core width of face of submicron order. 

[0021] Moreover, since an ion beam carries out incidence aslant in the case of the trimming by ion beam 
milling, the shadow effectiveness that an ion beam is covered with the level difference of the insulator layer 
which exists in up magnetic pole 30 back, York, etc. is produced. 

[0022] Consequently, magnetic pole width of face will become narrow as are shown in drawin g 3 and it 
goes at the tip of the pole tip section (throat part) 34. That is, magnetic pole width of face changes along the 
throat height direction. The sign 36 shows 0 throat level. 
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[0023] If magnetic pole core width of face is changed in the throat height direction, in an ion milling 
processing process, according to the amount of polishes, magnetic pole core width of face will be changed, 
and the yield of manufacture will be reduced sharply. 

[0024] Furthermore, if magnetic pole core width of face becomes submicron order, from the difference in 
the milling rate of the ingredient of ingredient [ of record gap layer 26' ], upper part, and lower quantity 
saturation-magnetic-flux-density ingredient layer 28', and 24', as the sign 38 of drawing 4 shows, the vena 
contracta appears in a bottom part notably, the fault from which sufficient recording characteristic is no 
longer acquired will be produced, and the yield will be worsened again. 

[0025] Moreover, by the conventional trimming approach by ion milling, since top-face 22a of the lower 
magnetic pole 22 does not become level, but the lower magnetic pole 22 serves as a taper configuration as 
shown in drawing 4 , there is a problem that the leakage field from the about 34 pole tip section lower 
magnetic pole 22 tends to become a noise at the time of data logging. 

[0026] Other conventional approaches that FIB processing performs trimming of a magnetic pole have the 
problem that productivity will fall very much in order to have to trim each component, respectively. 
[0027] Therefore, the purpose of this invention is offering the manufacture approach of the thin film 
magnetic head which can shorten the time amount which enables dimension control of the magnetic pole 
core width of face of submicron order, and etching of a magnetic pole takes. 
[0028] 

[Means for Solving the Problem] According to one side face of this invention, it is the manufacture 
approach of the thin film magnetic head containing the magnetic-reluctance (MR) head formed on the 
substrate, and the inductive thin film head formed on this MR head. The lower magnetic pole layer which 
makes up shielding of said MR head serve a double purpose is deposited on this MR head. Deposit the 1st 
quantity saturation-magnetic-flux-density ingredient layer on said lower magnetic pole layer, and a record 
gap layer is deposited on said 1st quantity saturation-magnetic-flux-density ingredient layer. Deposit the 
2nd quantity saturation-magnetic- flux-density ingredient layer on said record gap layer, and the pole tip 
section forms the up magnetic pole of predetermined width of face on said 2nd quantity saturation- 
magnetic-flux-density ingredient layer. The mixed gas of chlorine-based gas and inert gas is made into 
etching gas, using said up magnetic pole as a mask, holding said substrate temperature at 130 degrees C - 
200 degrees C. By reactive ion etching A part of said 1st and 2nd quantity saturation-magnetic-flux-density 
ingredient layer, said record gap layer, and said lower magnetic pole layer are trimmed, and the manufacture 
approach of the thin film magnetic head characterized by including each step which forms the magnetic pole 
core which has said predetermined width of face is offered. 

[0029] Preferably, the manufacture approach of the thin film magnetic head contains the step which forms 
the oxide layer of the predetermined thickness of the ingredient further chosen from the group which 
consists of Si, aluminum, Ti, and Ta on the 2nd quantity saturation-magnetic-flux-density ingredient layer 
corresponding to an etching unnecessary field. 

[0030] Preferably, the 1st and 2nd quantity saturation-magnetic-flux-density ingredient layer is formed from 
the ingredient chosen from the group which consists of FeN, FeAlO, CoNiFe, and CoFe. Preferably, 
chlorine-based gas is chosen from the group which consists of C12, BC13, SiC14, HC1, CC14, and HBr. 
[0031] desirable - an up magnetic pole - nickel simple substance and nickel - 20 - 80wt% — the included 
nickel-Fe alloy or nickel - 20 - 80wt% - it is formed from the included nickel-Co-Fe alloy. An up magnetic 
pole is formed of plating. 

[0032] According to other side faces of this invention, it is the manufacture approach of the thin film 
magnetic head containing the magnetic-reluctance (MR) head formed on the substrate, and the inductive 
thin film head formed on this MR head. The lower magnetic pole layer which makes up shielding of said 
MR head serve a double purpose is deposited on this MR head. Deposit the 1st quantity saturation- 
magnetic-flux-density ingredient layer on said lower magnetic pole layer, and a record gap layer is 
deposited on said 1st quantity saturation-magnetic-flux-density ingredient layer. The pole tip section forms 
the 2nd quantity saturation-magnetic- flux-density ingredient layer of predetermined width of face on said 
record gap layer. The pole tip section forms the up magnetic pole of said predetermined width of face on 
said 2nd quantity saturation-magnetic-flux-density ingredient layer. The mixed gas of chlorine-based gas 
and inert gas is made into etching gas, using said up magnetic pole as a mask, holding said substrate 
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temperature at 130 degrees C - 200 degrees C. By reactive ion etching A part of said record gap layer, said 
1st quantity saturation-magnetic-flux-density ingredient layer, and said lower magnetic pole layer are 
trimmed, and the manufacture approach of the thin film magnetic head characterized by including each step 
which forms the magnetic pole core which has said predetermined width of face is offered. 
[0033] 

[Embodiment of the Invention] Reference of drawing 5 shows the outline perspective view of the 
compound-die thin film magnetic head 40 concerning this invention operation gestalt. Drawing 6 shows an 
operation gestalt sectional view, and drawing 7 shows, the 7 direction perspective view, i.e., the ABS end 
view, of drawing 6 . 

[0034] On the conductive substrate 42 which consists of alumina-titanium carbide (aluminum203-TiC), the 
laminating of the insulating under coat layer 44 which consists of an alumina (aluminum 203) is carried 
out. 

[0035] MR head (reproducing head) 46 is formed on the substrate 42 which has the insulating under coat 
layer 44. MR head 46 is constituted by carrying out sequential formation of the conductive electrode layer 
54 by which connecting arrangement was carried out to the both sides of the lower shielding layer 48 which 
consists of soft magnetic materials on a substrate 42, the lower half gap layer 50 which consists of a non- 
magnetic material, the magnetic resistance element (MR component) 52 from which an electric resistance 
value changes according to an external magnetic field, and the MR component 50, the up half gap layer 56 
which consists of a non-magnetic material, and the up shielding layer 60 which consists of a soft magnetic 
material by sputtering. 

[0036] A nickel-Fe alloy (permalloy), a Fe-aluminum-Si alloy, or Co system amorphous alloy can be used 
for the lower part and the up shielding layers 48 and 60, an alumina (aluminum 203), alumimium nitride 
(A1N), or oxidation alumimium nitride (A1NO) can be used for the gap layers 50 and 56, and copper can be 
used for the electrode layer 54. 

[0037] Moreover, as a magnetic resistance element 52, huge magnetic resistance elements (GMR 
component), such as a spin bulb component and a granular component, can be used. An electric resistance 
value can change according to the field from a magnetic record medium, and a magnetic resistance element 
can reproduce the information by which magnetic recording was carried out to the medium by detecting this 
resistance change. 

[0038] On MR head 46, the laminating of the recording head (inductive thin film head) 58 is carried out. 
The inductive thin film head 58 contains the lower magnetic pole layer 60 which consists of the soft 
magnetic materials which make up shielding of MR head 46 serve a double purpose, the lower quantity 
saturation-magnetic-flux-density ingredient layer 62, the record gap layer 64, the up quantity saturation- 
magnetic-flux-density ingredient layer 66, and the up magnetic pole 68 that consists of soft magnetic 
materials, as best shown in drawing 7 . As shown in drawing 6 , in between, the thin film coil 72 is 
embedded in the up magnetic pole 68 and the lower magnetic pole layer 60. 
[0039] As best shown in drawing 5 , as for the inductive thin film head 58, the width of face has the 
magnetic pole point (magnetic pole core) 70 of submicron order. Since it corresponds to the magnetic disk 
drive of high track density in recent years, core width of face of the magnetic pole point 70 is minimum-ized 
by submicron order. 

[0040] Furthermore, in order to control that the upper part of the magnetic pole point 70 and the lower 
magnetic pole 68, and the field generated among 60 leak crosswise [ core ], and a record blot arises, 
trimming of the lower magnetic pole 60 is performed to the same width of face as the core width of face of 
the up magnetic pole 68 of the magnetic pole point 70. Moreover, in order to prevent the fall of the 
magnetic-flux reinforcement by minimum-izing of magnetic pole core width of face, it is crowded with the 
lower part and the up quantity saturation-magnetic-flux-density ingredient layers 62 and 66 on both sides of 
the record gap layer 64. 

[0041] By passing the current modulated by the thin film coil 72 by record data, information can be 
recorded now by making the record gap 64 of the magnetic pole point 70 generate a field, and reversing the 
magnetic moment of the magnetic substance by which the laminating was carried out to the magnetic- 
recording medium front face in the operation of this field. 

[0042] Next, with reference to drawing 8 (A) - drawing 8 (C), the manufacture approach of the compound- 
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die thin film magnetic head of the 1st operation gestalt of this invention is explained, drawing 8 - (-- A --) - 
- being shown - as - a soft magnetic material - from - changing — the lower part - a magnetic pole — a 
layer - 60 -- ' - atop - **** - respectively - sputtering - etc. -- being physical -- membrane formation - 
an approach - 300 - 500 - nm - thickness - the lower part - quantity - saturation magnetic flux density - 
an ingredient - a layer - 62 - ' 100 - 200 nm - thickness - record -- a gap - a layer - 64 - ' - 300 - 
500 -- nm -- thickness -- the upper part -- quantity -- saturation magnetic flux density an ingredient - a 
layer - 66 ' a laminating carrying out - having --****. 

[0043] Up magnetic pole layer 68' with a thickness of 3-5 micrometers is formed in up quantity saturation- 
magnetic-flux-density ingredient layer 66'up of electric-field plating which used the photolithography 
technique. 

[0044] The manufacture approach of the compound-die thin film magnetic head of this operation gestalt is 
the approach of using up magnetic pole layer 68' as a mask, and etching a self-align mold by reactive ion 
etching. 

[0045] Magnetic materials, such as FeN, FeAlO, CoNiFe, and CoFe, are used for nonmagnetic oxides [, 
such as Si02 and an alumina (aluminum 203), ], upper part, and lower quantity saturation-magnetic-flux- 
density ingredient layer 66' and 62' at lower magnetic pole layer 60' at permalloy (nickel-Fe alloy) and 
record gap layer 64'. 

[0046] up magnetic pole layer 68 f ~ nickel simple substance and nickel - 20 - 80wt% - the included nickel- 
Fe alloy or nickel - 20 - 80wt% - it is formed from the included nickel-Co-Fe alloy, especially ~ nickel - 
20 - 80wt% - the function as an etching mask in reactive ion etching of this invention increases sharply by 
forming up magnetic pole layer 68' from the nickel-Fe alloy to contain or a nickel-Co-Fe alloy. 
[0047] Next, as shown in drawing 8 (B), before performing trimming by reactive ion etching, the field 
which does not need etching of the thin film coil 72 etc. is covered by the oxide layers 74, such as Si or 
aluminum, and trimming is performed in the form where it exposed only near the magnetic pole point. 
[0048] Trimming is performed after covering the field which does not need etching by the oxide layer 74 
until it uses up magnetic pole layer 68' as a mask, it removes completely up quantity saturation-magnetic- 
flux-density ingredient layer 66', record gap layer 64', and lower quantity saturation-magnetic-flux-density 
ingredient layer 62 f for about 70 magnetic pole point and it removes a part of lower magnetic pole layer 60' 
by reactive ion etching, as shown in drawing 8 (C). 

[0049] In case reactive ion etching is performed, substrate temperature is performed in the condition of 
having held at 130 degrees C - 200 degrees C, using the mixed gas of chlorine-based gas, such as C12, BC13, 
SiC14, HC1, CC14, and HBr, and inert gas, such as Ar and Xe, as etching gas. 

[0050] The manufacture approach of this invention combines a chemical and physical etching operation, 
according to both synergistic effects, it can control the product of a side attachment wall in non- volatile 
ingredients, such as iron, can etch a practical etching rate with a high anisotropy, and can perform trimming 
of the lower magnetic pole 60 by the same core width of face as the up magnetic pole 68. 
[0051] Generally, metals, such as Fe, Co, nickel, etc. which are a magnetic material, are ingredients which 
are hard to be etched, and are the typical non- volatile ingredients which cannot volatilize easily at a room 
temperature. According to the manufacture approach of this invention, by performing reactive ion etching, 
where substrate temperature is held at 130 degrees C - 200 degrees C, the volatility of these metallic 
materials can be raised and the synergistic effect of etching of a chemical operation and physical etching of 
an operation can realize high etching of a high etching rate and an anisotropy. You may make it use ion 
milling for fine tuning of magnetic pole core width of face if needed. 

[0052] According to the manufacture approach of this operation gestalt, only the etching part near [ required 
for reduction of a record blot ] the magnetic pole point can be shaved off deeply, dispersion in the magnetic 
pole core width of face of submicron order is reduced, and the dimension of magnetic pole core width of 
face can be controlled with a sufficient precision. 

[0053] Since it is not influenced of a shadow compared with ion milling, the configuration of the up 
magnetic pole which functions as a mask is made to fully reflect, and trimming can be performed as a 
design. 

[0054] If it sees from a geometrical viewpoint by which trimming was carried out, in the thin film magnetic 
head formed by the conventional approach shown in drawing 1 , not a horizontal plane but the lower 
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magnetic pole 22 serves as [ top-face 22a of the lower magnetic pole 22 ] a taper configuration. 
[0055] On the other hand, by the manufacture approach of this operation gestalt, since trimming is carried 
out from that of reactive ion etching, as the cascade screen which consists of an ingredient of a different 
kind is shown in drawing 7 , top-face 60a of the lower magnetic pole 60 can be formed in the both-sides 
side of the magnetic pole point 70 at a parenchyma top perpendicular. Thereby, the record blot by the 
leakage field from the about 70 magnetic pole point lower magnetic pole 60 can be reduced. 
[0056] In addition, it is limit to the chloride to which the ingredient which cannot volatilize easily in an 
etching product uses the iron near the magnetic pole point as a principal component since the field which 
does not need trimming is cover by the oxide layers 74, such as Si and aluminum, as show in drawing 9, the 
etching product of an oxide layer 74 tends [ comparatively ] to volatilize, and since the area expose is small, 
deposition in the wall of a reaction container can be suppress to the minimum. 
[0057] Therefore, the etching product which is easy to deposit can mitigate the amount deposited on a 
reaction container, and can control fluctuation of an etching rate. This can lower the frequency of cleaning 
of a manufacturing installation and can increase the processing number of sheets to equipment cleaning. 
That is, while raising the throughput of equipment itself and aiming at improvement in productivity, it 
becomes possible to aim at the improvement of the manufacture yield. 

[0058] Next, with reference to drawing 10 (A) - drawing 10 (C), the manufacture approach of the 
compound-die thin film magnetic head of the 2nd operation gestalt of this invention is explained. In 
explanation of this operation gestalt, the same sign is attached and explained about the same component as 
the 1st operation gestalt mentioned above. 

[0059] By the manufacture approach of this operation gestalt, as shown in drawing 10 (A), the up quantity 
saturation-magnetic-flux-density ingredient layer 66 of predetermined width of face and up magnetic pole 
layer 68' are formed in record gap layer 64'up by electric-field plating. Ingredients, such as CoNiFe and 
CoFe, are used for the up quantity saturation-magnetic-flux-density ingredient layer 66 formed of plating. 
[0060] as shown in drawing 10 (B), in order to limit to a magnetic pole point and to perform trimming by 
reactive ion etching - record gap layer 64 1 - the field which does not need etching of the thin film coil 72 
etc. is covered by the oxide layers 74, such as Si and aluminum, upwards, and it is made to expose to it only 
near the magnetic pole point 

[0061] After covering the field which does not need etching by the oxide layer 74, as shown in drawing 10 
(C), where substrate temperature is held at 1 30 degrees C - 200 degrees C like the 1st operation gestalt, 
using the mixed gas of chlorine-based gas and inert gas as etching gas, up magnetic pole layer 68' is used as 
a mask, and reactive ion etching performs trimming only near the magnetic pole point. 
[0062] According to the manufacture approach of this operation gestalt, as compared with the manufacture 
approach of the 1st operation gestalt, in order that the amount of etching may decrease, dispersion in 
magnetic pole core width of face is reduced further, and the dimensional accuracy of magnetic pole core 
width of face improves. Moreover, also in productivity, the further improvement is expectable. 
[0063] If the trimming by reactive ion etching of this invention has the decrement of the thickness of up 
magnetic pole iayer 08' currently used as a mask almost equal to the trimming depth and it will estimate 
even if it sees from a viewpoint of the decrement of the thickness of up magnetic pole layer 68\ the 
decrement of the thickness of up magnetic pole layer 68' can be said to be far small compared with ion 
milling. 

[0064] especially - nickel - 20 - 80wt% - the contained nickel-Fe alloy (permalloy) is a very stable metal, 
and since it is an ingredient which is very hard to be etched, it is desirable as a mask ingredient. 
[0065] This invention includes the following additional remarks. 

[0066] (Additional remark 1) It is the manufacture approach of the thin film magnetic head containing the 
magnetic-reluctance (MR) head formed on the substrate, and the inductive thin film head formed on this 
MR head. The lower magnetic pole layer which makes up shielding of said MR head serve a double purpose 
is deposited on this MR head. Deposit the 1st quantity saturation-magnetic-flux-density ingredient layer on 
said lower magnetic pole layer, and a record gap layer is deposited on said 1st quantity saturation-magnetic- 
flux-density ingredient layer. Deposit the 2nd quantity saturation-magnetic-flux-density ingredient layer on 
said record gap layer, and the pole tip section forms the up magnetic pole of predetermined width of face on 
said 2nd quantity saturation-magnetic-flux-density ingredient layer. The mixed gas of chlorine-based gas 
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and inert gas is made into etching gas, using said up magnetic pole as a mask, holding said substrate 
temperature at 130 degrees C - 200 degrees C. By reactive ion etching The manufacture approach of the thin 
film magnetic head characterized by including each step which trims a part of said 1st and 2nd quantity 
saturation-magnetic-flux-density ingredient layer, said record gap layer, and said lower magnetic pole layer, 
and forms the magnetic pole core which has said predetermined width of face. 

[0067] (Additional remark 2) Said 1st and 2nd quantity saturation-magnetic-flux-density ingredient layer is 
the manufacture approach of the thin film magnetic head the additional remark 1 publication formed from 
the ingredient chosen from the group which consists of FeN, FeAlO, CoNiFe, and CoFe. 
[0068] (Additional remark 3) Said chlorine-based gas is the manufacture approach of the thin film magnetic 
head the additional remark 1 publication chosen from the group which consists of C12, BC13, SiC14, HC1, 
CC14, and HBr. 

[0069] (Additional remark 4) said up magnetic pole - nickel simple substance and nickel - 20 - 80wt% - 
the nickel-Fe alloy and nickel which are included - 20 - 80wt% - the manufacture approach of the thin film 
magnetic head the additional remark 1 publication formed from the ingredient chosen from the group which 
consists of the included nickel-Co-Fe alloy. 

[0070] (Additional remark 5) The manufacture approach of the thin film magnetic head the additional 
remark 1 publication which contains further the step which forms the oxide of the predetermined thickness 
of the ingredient chosen from the group which consists of Si, aluminum, Ti, and Ta on said 2nd quantity 
saturation-magnetic- flux-density ingredient layer corresponding to an etching unnecessary field. 
[0071] (Additional remark 6) Said up magnetic pole is the manufacture approach of the thin film magnetic 
head the additional remark 1 publication formed of plating. 

[0072] (Additional remark 7) It is the manufacture approach of the thin film magnetic head containing the 
magnetic-reluctance (MR) head formed on the substrate, and the inductive thin film head formed on this 
MR head. The lower magnetic pole layer which makes up shielding of said MR head serve a double purpose 
is deposited on this MR head. Deposit the 1st quantity saturation-magnetic-flux-density ingredient layer on 
said lower magnetic pole layer, and a record gap layer is deposited on said 1st quantity saturation-magnetic- 
flux-density ingredient layer. The pole tip section forms the 2nd quantity saturation-magnetic-flux-density 
ingredient layer of predetermined width of face on said record gap layer. A ** <TXF FR=0001 HE=200 
WI=080 LX=0200 LY=0300> pole edge forms the up magnetic pole of said predetermined width of face on 
said 2nd quantity saturation-magnetic- flux-density ingredient layer. The mixed gas of chlorine-based gas 
and inert gas is made into etching gas, using said up magnetic pole as a mask, holding said substrate 
temperature at 130 degrees C - 200 degrees C. By reactive ion etching The manufacture approach of the thin 
film magnetic head characterized by including each step which trims a part of said record gap layer, said 1st 
quantity saturation-magnetic-flux-density ingredient layer, and said lower magnetic pole layer, and forms 
the magnetic pole core which has said predetermined width of face. 

[0073] (Additional remark 8) It is the manufacture approach of the thin film magnetic head additional 
remark 7 publication that said 1st quantity saturation-magnetic-flux-density ingredient layer is formed from 
the ingredient chosen from the group which consists of FeN, FeAlO, CoNiFe, and CoFe, and said 2nd 
quantity saturation-magnetic-flux-density ingredient layer is formed from CoNiFe or CoFe. 
[0074] (Additional remark 9) Said chlorine-based gas is the manufacture approach of the thin film magnetic 
head the additional remark 7 publication chosen from the group which consists of C12, BC13, SiC14, HC1, 
CC14, and HBr. 

[0075] (Additional remark 10) said up magnetic pole - nickel simple substance and nickel - 20 - 80wt% - 
the nickel-Fe alloy and nickel which are included - 20 - 80wt% - the manufacture approach of the thin film 
magnetic head the additional remark 7 publication formed from the ingredient chosen from the group which 
consists of the included nickel-Co-Fe alloy. 

[0076] (Additional remark 1 1) The manufacture approach of the thin film magnetic head the additional 
remark 7 publication which contains further the step which forms the oxide of the predetermined thickness 
of the ingredient chosen from the group which consists of Si, aluminum, Ti, and Ta on said record gap layer 
corresponding to an etching unnecessary field. 

[0077] (Additional remark 12) Said 2nd quantity saturation-magnetic-flux-density ingredient layer and said 
up magnetic pole are the manufacture approach of the thin film magnetic head the additional remark 7 
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publication formed of plating. 

[0078] (Additional remark 13) The thin film magnetic head manufactured by the manufacture approach of 
additional remark 1 publication. 

[0079] (Additional remark 14) The thin film magnetic head manufactured by the manufacture approach of 

additional remark 7 publication. 

[0080] 

[Effect of the Invention] According to the manufacture approach of the thin film magnetic head of this 
invention, shortening of the processing time, reduction of dispersion in the magnetic pole core width of face 
of submicron order, and improvement in the dimensional accuracy of magnetic pole core width of face can 
be aimed at by performing trimming by reactive ion etching, where substrate temperature is held at 130 
degrees C - 200 degrees C. 

[0081] Moreover, by covering by oxide layers, such as Si and aluminum, and trimming only near the 
magnetic pole point, the field which does not need etching of a thin film coil etc. can control fluctuation of 
an etching rate, can work a manufacturing installation to stability, and can aim at improvement in 
productivity. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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[0 0 4 6] ±898816 8 'tt> NiW, N i£2 
0~8 0wt%£tyN i-Fe^, XttN i 2 0~ 
8 0 w t %^ON i - C o - F e ^6M«ft5. 40 
<$Ks N i £2 0-8 Ow t %f^tf5N i -F e£ 
XttN i-Co-Fe&&fr5±gPfiBffiI6 8 '* 

[0 0 4 7] *E, 08 (B) K&t*dl£* SStt'f 
t>X7^^fi:J:ShU3>^f7^BuC, SIM3^ 
;W 2 *£©Xy L*HW**S U X 

J4A 1 ^©&{fc»l7 4TSoT*5f, lK1Ifl»©5S 
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[0 0 4 8] xy^?£&g£ LftV^«B«**fk»l 

7 Avmmbtzik, 08 (c) K^-r^c gstt-r 
t, »*5t«i»7oa«©**±iJ»iKDit«*fi#fi 

16 6 \ 7* 6 4 \ TarafilaBDRSlk 

TO! 6 2 ' U T»8ffll6 0 ' ©-» 

[00 4 9] K*Stt-f*yx«yf-yy*fT5ISK», S 
SfiSfc 1 3 0 °C~ 2 0 0 1Cfc«8 IfcffliT, 17 f- 
y^tfXtLTC 1*. BCh, S i C 1,, HC1. 
CCU. HB r&H©ffiil&#7.fcA r, Xe3F©^ 

[0050] 48&BoMBJsm. itmmyamm 

SbUCJ: 9 » £©*Sf8tt*m£fc^Tfi!Jl©£ja 
ttftftMU S#tt©*v\ gfflWftx-yf-yyu-h 
OXyf-y^*ff 9(1 fctfT't, ±9086 8 till-© 
37STfT»«ffi 6 0© h U 3 yfZft? C twvz 

[0 0 5 1] HKWfc, OttTOT'feSFe, Co. N 

i^©^jpax7^>^nc<^we$o, SfiT' 
Hjs*j*c*ntf^ sffififi* 1 3 o°c~2 0 oxk.% 

X y f - V ftlttft ftffl ©X y ^ V y ©IB SBSllR K * 
•3, »^Xyf-y?V-hi:B£tt©«^X 
^«r*CfctfT?f 5. (89lKftUT, Sfll37(B©$ 

[0 0 5 2] *H«0B!l©Hifi*SKJ:Sk, ES»* 
©fiH©fc»C£«4«fiBfe*B»ifi«©x y +v9Wt 

<D&m<m*)mctffX'Z, *^5*a>*-^© 

«M37«©tf5 , ot# < flH*S*i, 0®37ii©^ffi% 
[0 0 5 3] -Y*>3«Jyycit^T»©»**»t6 

[0054] hU3^snrc^w«iS*^sfc, 

0 1 lc^-r8£**ffifcJ: D»**nftlWIBttl'Ny FT 
ti, TgPJiffi2 2©±ffi2 2 a^7K¥®T'«^<, TSP 

[0 0 5 5]-*, ^SSBffi©«l3fi*ffi-eti, SS© 
w»fr6**«i«i«astt-r*yi»^^©j:5 h 

'J 3 V LT^*te»6» 0 7 Kwt <fc 0 CTSPOffi 6 
0 ©±ffl 6 0a *®®9Gi%$!> 7 0 ©SdiJSC^H±Stt 

jfi^©TS|5ii1i6 0fr6©»n«!te**IEtW#**ffi 

[0 0 5 6] ^ FU3^*£®kLftV^««tt. 0 
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9 CTjVf J: 1 £ S i , A 1 «®IMbttl 7 4 TSfcttT 

[oo5 7] u-oXs mL%^xy?>9%.mim 

* u > y $ Tofflasa*«*« * « c i: we * 
s„ sis, siii*©saati^i^iS]±$-<iT4iit©[Si 

[0 0 5 8] 010 (A) ~0 1 0 (C) £#K 

[0 0 5 9] ^MWg«©«!Jfi*ttTtt, 010 (A) 20 

S±SPKfiftBtSffiJ8#R« 6 6 Ett, C o N i F e , 
CoF e^OttftWB^&tiSo 
[0 0 6 0] 01 o (B) t^f^SE, KfiiftSSg&E 
H£ bTSlStt-T * >x -y =f- y 9 K J; S h U 5 y 9 fcff 
?fcfelc, 12^+7^/16 4 '±E, M*3'f;W2 
!&H©X7^>^*;>SfcL*V^«%S 1, A 1*0 
»t*l7 4T?«V\ BMift«ISPifi«0**BaiS* 30 

[00 6 1] I'yfy^t t4^fW«*»ft:ftl 
7 010 (C) fcjjs-riSfc, Ki^ 

flBBISfcE«E8«ift** 1 3 01C~2 0 0*CE«fcL 

[0 0 6 2] 2^«Ugffi©l!Ji*ttC«k6fc, 
»tt©«3!D5rttK:JtttbT, xy^y^l*^'>t5ft 40 

[0 0 6 3] ±ffittffA6 8 ' QM*®X'>l0fijAfr 
T**£LT£fflL-Ti/>5±fflK®l6 8 ' 

[00 6 4]#E, Ni&20~80wt%£WUfcN 50 
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i -f (/<-Tn-r) tt#nrE£jSft&in*fc 

9, ^tEX7^^^nt<V^r*feSfci!)V^i; 

[0 0 6 5] *38fBttttT©(*ls*dtrtO'e*s. 
[0066] (tttan »R±K»ia«nfc«*ajfi 

(MR) ^yKfcKMR^?F±E»*«ftfc-f:'* f * 

T'fe-^T, MEM R y FO±W*>-;l/F%*ffl , r*T 
SttWlfcKMR'w F±E*«U SlET9a«H± 

can »fia«*ffi«#fis*it«u idfESiaea 

8««fitma±EEa#+y7»**«U tuEEH 
7 7«±E8 2 ^fSttiM&fifcmSSritffl U 15 

u wmmm 1 3 o-c-2 0 o°ck 

{S8L£tf£ituE±$«$£v**tLTffli/^ tt* 

fflStt-rf^yxyf-v^EJ:^ ttESi, %2%mi 
ttftftfttifM, t&EE**+ 7 TMAXf ttETflRM 

M^7 FO«JB*fc 

[0067] (me 2) uneiiK gzummm 

mnmt. F e N, F e A l O, CoNiFe. Co 

1 E8©»18^7 FO«Jfi*fc 
[00 6 8] (ME3) HtG«l9K3tfX(tC li. B 
C 1 3 , SiCl.. HC1. CCI., HBr^6j8S 

[006 9] (ME 4 ) ff)E±3ltt&& N i 
N i£2 0~8 0wt%#tfN Ni£2 
0-8 Ow t %%tSN i -C o-F e^*»6jS*S* % 

^7 FOSiS^fc 
[0 0 7 0] (MIB 5) !7f^^ffi»Mt 

^Mid^ i: ftffiW»jR»ffifTi4«i±H: si, A i , T 

i, t afrbi&zm^WRztizttnvwzMZfom 

[007 1] (ME 6) fflE±8R»Stt ^ y *K «fc 0 
mztiittK 1 EKO»*«»^'y KO«3fi*fc 

[0072] (me 7) miicmztimmm 

(MR) ^7 Ffc^MR^7 YUcje&ZtUHV?* 
MEM R'Ny FO±»'>-;l'F*«ffl , rST 

awai*RMR'N»yK±KJ«au twaTiwa»± 

iKmaS#^l±EE^4 ; +7/S^Ji«L, ADEEft 
^+ 7 y«±K«»SS»^mSS©S 2 iliiSaiK^^S 
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* 1 3 0°C~2 0 0 L&tf e>fufE±$lfciI£v 

o, wee*** * fm, ®w% i afiaasffistm 

SRtffl8ETS««i0--3* h I) 5 >y U fflE3r£ 

[0 0 7 3] «*E8) SJKI6 1 *fifcK*ffifi*m 
FeN, FeAlO, CoNiFe, CoFefr 10 

®fa«B$?Bfi*mitt, CoNlFeXttCoFefrfc 

[0 0 7 4] (ttE9) WHBiaHrattC li. b 
Ch, S i C 1«. HC 1 , CC1., HB rfr&JS* 

So 

[00 7 5] (ttE l o ) fflEJifflKSti, N i ¥ 
ftx N i£2 0~8 0wt%#t?N i-Fe^ Ni 
£20~8 0wt%S&N i-Co-Fe&&fr£>$l> 20 

BMS'Ny FOKfi*& 

[0 0 7 6] (ttE l l ) xy^yy3p«fl»«c«lS 
taWEE** 1 * •^■iC Si, A 1 , T i , T afr 

1 5Xr ^fcHKStrtif E 7 EttoWMKfc'N v K© 

[00 7 7] (ftE 1 2 ) iuE£ 2 ftefflSDKftigtt 

E*o*Jfi«^*y F©«ifi#fe, 30 

[0078] (ttE 1 3 ) me i mmm^mt * 

[00 7 9] (#E 1 4 ) ME 7 E«©«5fi#ttfc ct 
[00 8 0] 

5 fc , ££913$ 1 3 0 °C~ 2 0 0 1Cfc«8 LfcttMTC 
SJStt'T * >x 7 9 y f K. X 9 Y U 5 > VZ'ft 0 z t 

x\ mnm^mmt, tf75 2n>*-$r©K«37 
soa: eot ©m aa37So^ffi«a©ifii±*H 40 
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sc 

[00 8 1] Sfc, ««3^;l/«:HOXryf-yy«M 
fc S i , A 1 ^©IHtftlT'Svv na® 

©£»*»*« U «Jfi»B%SSK«ft««S 
Citf-Pt, £1&©Ir]±£03 ci: 
[0ffl©t@#£M 

[0 1 ] tei5©wii8tti / Ny foa b smmx&z>o 

[02] 02 (A) -02 (C) lia*0«S«ft'vy 

F©8a*a%iwfl"r5Bi-p**. 

[03] tl£*©»IWK«'vy Fo«a*HI»*^t¥iSH 
[04] fi^OIBWjSSBWtSHTfSS. 

[05] mmmmmsmmmm.^ f©*« 

[06] *fSB^^8©«^S««a'vy F©Wri5 
0T'&?>o 

[07] B6C7*lfilftffiH-e**. 
[08] 08 (A) -08 (C) 1 
<DWWm&r>y F©8Bfi£ffi£8ffli*5B-efcSo 
[09] WMMI©xy^^^^**^tH"e**. 
[01 0] 01 0 (A) -01 0 (C) li*%^2^ 

4 0 a^SB»*«*^*y F 

4 2 Sfe 

4 6 MR'N-yF 

4 8 TSPiz-^F 

5 2 MRM? 

54 nm 

5 8 <<y?9T4'7WB^vY 

6 0 T»B« (±*$/-/H0 
6 2 T$ffilBftS&l!ffi&#£M 
6 4 K»**V7M 

6 8 ±mm 

7 0 »5tfflSP 
7 4 PfttUMI 



(8) 
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[05] [06] [07] 



(9) #12 0 0 3-2 8 8 7 0 5 




